| INTRODUCTION
Prediabetes is a clinical state of altered glucose metabolism, characterized by increasing insulin resistance and declining beta cell function, which significantly increases the risk for the development of type 2 diabetes (T2DM). According to thresholds established by the American Diabetes Association, prediabetes may be defined using fasting or 2-hour glucose concentrations during an oral glucose tolerance test (OGTT) or percentage of glycosylated hemoglobin (HbA1c). 1 Yet, the prevalence of prediabetes in youth is highly variable and dependent on which of these three metrics are used for diagnosis. 2 In up to 25%
of youth who develop T2DM, the fasting, 2-hour glucose concentration or HbA1c may be below the prediabetes diagnostic thresholds 2 years prior to diabetes diagnosis. 3, 4 The need to improve risk stratification is further amplified in adolescent girls who have high rates of developing T2DM and may benefit from targeted intensive intervention programs. 5 Assessing the morphological characteristics of the glucose curve during an OGTT has shown promise for improving prediabetes risk evaluation. [6] [7] [8] [9] Specifically, three main morphological features of the glucose curve are associated with increased risk for prediabetes in adults: time to glucose peak >30 minutes, 1-hour glucose concentration ≥ 155 mg/dL, and the monophasic curve shape. 6, 11 However, the utility of these morphological features for predicting prediabetes in youth is still unclear. Although some studies examined the ability of curve shape to predict prediabetes in youth, only a few have evaluated the time to glucose peak parameter or 1-hour glucose as potential alternatives. 10, [12] [13] [14] [15] Evaluating the glucose peak and 1-hour glucose thresholds are intriguing because these parameters are relatively simple to quantify for clinical use and could be obtained during a shortened 1-hour OGTT. Moreover, using a 1-vs 2-hour OGTT has been linked to high discrimination for diabetes-related complications and has the potential to identify at-risk individuals early, potentially improving clinical efficiency and patient satisfaction. 9, 16 However, the reliability and diagnostic ability of these three morphological parameters (monophasic curve, glucose peak >30 minutes, and 1-hour glucose ≥155 mg/dL) have not been directly compared in youth, and their use may not be generalizable because the reproducibility of each parameter may be quite variable. 17 Differences in the macronutrient composition of meals in the days preceding the OGTT are known to alter glycemic response and inter-and intra-individual variability for these OGTT features are not well characterized. 18, 19 Therefore, if these morphological parameters are to be considered as robust screening tools, the degree to which intra-individual variability affects diagnostic accuracy must be ascertained. In this secondary analysis of data from adolescent girls with obesity who were at-risk for development of type 2 diabetes, we compared the reproducibility and diagnostic accuracy of these three morphological features of the OGTT glucose curve over a 6-week period. In addition, we determined the predictive ability of the morphological features, characterized at baseline, for diagnosing prediabetes 1 year later.
| METHODS

| Participants and study design
This was a secondary analysis of a randomized controlled trial of cognitive behavioral therapy (CBT) vs health education in adolescent girls (age 14.8 AE 1.6 years, range: 12-17 years) who had overweight/obesity (body mass index [BMI] ≥ 85th percentile) at study entry. 20 Youth with a first-or second-degree relative with type 2 diabetes and mild or moderate depressive symptoms were initially enrolled into a 6-week randomized controlled trial of depression-focused CBT vs health education to study the effects on mood and insulin resistance (NCT 01425905) and followed for a 1-year period. The results of the primary outcome analysis showing no between-group difference for the total sample in change in whole-body insulin sensitivity index after 6-weeks were already reported 20 ; given no effect of CBT, reproducibility of OGTT features could be studied using these data. During the year-long study, there was no specific dietary or lifestyle intervention.
Participants had three multiple-sample OGTTs performed at baseline, 6 weeks, and 1 year after randomization. All girls were admitted to the NIH Hatfield Clinical Research Center (CC) after an 8-to 10-hour fast. Plasma samples to measure glucose and insulin concentrations were obtained at 0, 30, 60, 90, and 120 minutes. 20 Participants were combined into a single group for this secondary analysis because there were no differences in age, BMI, glucose, or insulin concentrations between intervention arms. 20 In Supporting 
| Definitions
Using standard OGTT criteria, prediabetes was defined as fasting glucose ≥100 mg/dL and < 126 mg/dL, and/or 2-hour glucose ≥140 mg/dL and < 200 mg/dL and normal glucose tolerance (NGT) as fasting glucose <100 mg/dL and 2-hour glucose <140 mg/dL. Prior to shape classification, the upward or downward change in glucose between time points was defined as a glucose difference of ≥4 mg/dL. This value was based on the upper limit of the coefficient of variation of glucose samples run at the NIH CC laboratory.
| Analyses and calculations
Plasma insulin concentrations were determined using an immunochemiluminometric assay from Diagnostic Product Corporation (Los Angeles, California). 20 Glucose concentrations were measured in serum using an enzymatic hexokinase assay on the Hitachi 917 analyzer (Roche Diagnostics Indianapolis, Indiana). 20 HbA1c was determined by HPLC-D10 instrument (BioRad Laboratories, Hercules, California). Indices of insulin secretion and sensitivity during the OGTT were calculated by the Matsuda index and insulinogenic index, respectively. 23, 24 Owing to sample hemolysis, insulinogenic and Matsuda index could not be calculated in 15 and 33 OGTTs, respectively;
insulinogenic index (n = 6 at screening and 6 weeks and n = 3 at 1-year follow-up) and Matsuda index (n = 10 at screening, n = 18 at 6 weeks and n = 5 at 1-year follow-up).
| Statistical analyses
Data are presented as mean AE SD unless otherwise stated. Participant characteristics at baseline to 1-year follow-up were compared using pairwise comparison of means and the Bonferroni test. Reproducibility analyses for the morphological features were compared at baseline and 6 weeks with the Cohen's κ statistic. 25 Briefly, the κ coefficient is the observed agreement minus the agreement expected by chance, divided by perfect agreement minus the agreement by chance. 25 Equation
where a is the actual observed agreement and e is the probability of chance agreement. 25 The κ coefficients were interpreted by conventional standards 3 | RESULTS Table 1 illustrates the demographic and metabolic characteristics for participants at baseline, 6 weeks, and 1 year. HbA1c was modestly higher after 1 year (P = 0.03). There were no other significant differences in participants characteristics between baseline and 6 weeks (data not shown) or baseline and 1 year (all P-values >0.30, Table 1 ).
| Participant characteristics
| Reproducibility and diagnostic accuracy at 6 weeks
Between baseline and 6 weeks, κ coefficient was <0.5 for the morphological features of the OGTT ( Table 2 ). The percentage of youth with prediabetes (12%) was the same at baseline and 6 weeks, (P = 0.76, Table 1 ). Six girls diagnosed with prediabetes at baseline were reclassified as NGT at 6 weeks, while eight girls who were NGT at baseline were reclassified as prediabetes at 6 weeks. The ROCAUCs of OGTT morphological features were not significantly different when compared at baseline or at 6 weeks (P ≥ 0.21, Table 2 ).
| Predictive ability of baseline OGTT parameters at 1-year follow-up
Among the 72 girls examined at 1-year follow-up, 11 had prediabetes at baseline (15%), and 7 (10%) had prediabetes at 1 year. From baseline to 1 year, four girls maintained a prediabetes diagnosis; the diagnosis of prediabetes resolved in seven girls; and three girls were newly diagnosed with prediabetes at 1 year. Figure 1 illustrates the ROC-AUC of OGTT parameters classified at baseline to predict 
| DISCUSSION
The era of personalized medicine has ushered in a search for novel biomarkers that can optimally predict prediabetes, especially in atrisk youth for whom lengthy and/or costly diagnostic testing may be challenging in the outpatient setting. The current investigation in adolescent girls at-risk for T2DM directly compared the reproducibility and diagnostic accuracy of three morphological parameters of the glucose curve and evaluated the utility of using parameters obtained during a 1-vs 2-hour OGTT as risk prediction tools. We found fair to moderate reproducibility of all three parameters with good diagnostic accuracy of each variable over a 6-week period. Most importantly, we demonstrated that the reproducibility of morphological features, derived from a 1-hour OGTT (1-hour glucose ≥155 mg/dL and glucose peak>30 minutes), was comparable with the gold standard 2-hour glucose threshold (Table 2) . Furthermore, use of these two dichotomous variables characterized during the baseline OGTT had similar discrimination compared with the standard 2-hour glucose threshold for predicting prediabetes at 1-year follow-up ( Figure 1 ). These findings are of potential clinical importance because they suggest that obtaining a 1-hour OGTT, with blood glucose sampling at 0, 30, and 60 minutes, has similar diagnostic accuracy to a 2-hour OGTT for predicting prediabetes, and thus, could be a shorter, clinically acceptable alternative for assessing the risk of progression to prediabetes. 
FIGURE 1
Predictive ability of morphological features for prediabetes at 1-year follow-up. Receiver operating characteristic (ROC-AUC) curves; blue: gold-standard oral glucose tolerance test (OGTT) criteria (fasting glucose ≥100 mg/dL and/or 2-hour glucose ≥140 mg/dL,), red: 1-hour glucose ≥155 mg/dL, green: glucose peak>30 minutes, orange: monophasic curve, gray: COMBO (glucose peak >30mins and/or 1-hour glucose ≥155 mg/dL), black dashed: reference. Compared with the gold-standard OGTT criteria, the monophasic curve had the lowest ROC AUC (P < 0.001). The ROC-AUC for the glucose peak, 1-hour glucose, and COMBO parameters were comparable with gold-standard OGTT criteria (P = 0.39)
Though the 2-hour OGTT is well established for the diagnosis of T2DM, more recent analyses have highlighted poor intraindividual reproducibility and decreased reliability for prediabetes diagnosis in youth 27, 28 as well as reduced discriminatory ability in pregnant and postmenopausal women. [29] [30] [31] Another study found that differences in OGTT results were related to sex and/or variations in body size (tall/short). 32 Therefore, alternative strategies to improve diagnostic accuracy for prediabetes are needed. By itself, an elevated 1-hour glucose concentration is an emerging biomarker with similar or higher discrimination compared with the 2-hour glucose threshold for diabetes prediction. 9,14 The 1-hour glucose ≥155 mg/dL was comparable with the 2-hour threshold ≥140 mg/dL for predicting the development of diabetic complications and mortality in adults. 33 In this study, we confirmed the high diagnostic specificity (95%) of the 1-hour glucose classification variable (Table 2 ). However, the 1-hour glucose threshold had low diagnostic sensitivity (40%) and when used alone would increase the risk of false negative diagnoses. Similarly, the diagnostic accuracy of time to glucose peak was comparable with 1-hour glucose at baseline and 6 weeks, but when used alone would increase the number of false positive results (Table 2) .
Employing two or more predictive biomarkers is an attractive and feasible option that may have superior predictive ability. 34 In this study, we showed that the combination of two parameters (COMBO), obtained within a 1-hour OGTT may be a viable approach and was associated with a ROC-AUC of 0.77 ( Table 2 ). The advantages of using 1-hour glucose and time to glucose peak are 2-fold. First, these parameters correlate with detailed measures of insulin resistance and response and reflect the pathophysiologic response of increasing insulin resistance and declining beta cell function associated with prediabetes. 6, 8 Second, their use would provide diagnostic equivalence for prediabetes risk with the additional advantage of a less timeconsuming risk assessment. While the additional timepoints could marginally increase cost, the shortened diagnostic procedure time has the potential to improve patient provider engagement, to decrease youth's stress associated with waiting on the 2-hour blood draw, and could improve workflow and patient/ parent satisfaction. 35 Importantly, we also identified the monophasic curve shape to be an unreliable biomarker with the lowest diagnostic sensitivity and specificity at 6 weeks and 1 year compared with all other morphological features. Though previous studies in adolescents with obesity found an association of monophasic curve (compared with the biphasic) with increased insulin resistance, 11 more recent data in youth and adults suggest that the monophasic curve has high false positive rates. 8, 16 When curve shape is directly compared with the time to glucose peak parameter, the mono/ biphasic curve variable mischaracterized prediabetes status in >50% of cases 8, 15, 36 In keeping with these analyses, this study confirms that the monophasic curve shape was associated with lowest reproducibility and modest diagnostic accuracy compared with both glucose peak and 1-hour glucose parameters. These findings, coupled with high intra-individual variability of the monophasic curve argue against using curve shape alone as a reliable biomarker for prediabetes in adults or children. 37 Despite the advantages of this longitudinal assessment and serial
OGTTs in youth at high risk for T2DM, a few study limitations are noteworthy. First, this is a secondary analysis in youth who were participating in a randomized controlled behavioral trial; thus, results of reproducibility over the 6-week period could have been altered by intervention arm or variations in chronic physical activity that were not measured. Nevertheless, the intervention did not affect insulin resistance or glucose tolerance status in the entire cohort, and thus the study presented a good opportunity to assess the complexity of the glucose curve over the short and long term. 20 Second, the study was relatively small and therefore limited by potential sampling bias. Third, the Cohen's κ statistic may underestimate the observed agreement because prediabetes was uncommon (occurring only in <15% of cases) even in this small cohort selected to be at-risk for T2DM. Lastly, this was a trial of predominantly white and black adolescent girls with depressive symptoms who were considered at-risk for the development of T2DM
and these findings may not be generalizable to all youth. It is important to note that although the 1-hour OGTT is a promising diagnostic tool, a complete clinical history and physical examination remains the hallmark of diabetes risk stratification and additional testing would be needed to assess indices of insulin resistance and β-cell function.
In conclusion, an elevated 1-hour glucose and time to glucose peak greater than 30 minutes, obtained during a 1-hour OGTT, had moderate reproducibility and comparable discriminative ability to established fasting and 2-hour glucose thresholds for predicting prediabetes at 1 year. Using these morphological parameters of the glucose curve as biomarkers for prediabetes risk stratification may be an alternative strategy to the standard 2-hour OGTT glucose thresholds.
Future studies are warranted to confirm whether using the morphological features obtained during a 1-hour OGTT may be cost-effective and efficacious among all youth at risk for prediabetes.
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